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I. Introduction 
A. Statement of problem 
1. Definition of left ventricular hypertrophy (LVH) 
Left ventricular hypertrophy (LVH} occurs when 
the left ventricle is subjected to an increased '\vork load 
over a period of time (37). The changes consist of an 
increase in the thickness and weight of the ventricular 
wall and a change in the pattern of the electrocardiogram 
(ECG) . The increased size is due to an increase in the 
size of individual muscle fibers . The elec·trocardiographic 
changes merely reflect the increase in mass (52) . 
2. Causes of LVH 
Pathologic conditions which lead to LVH include 
aortic valvular stenosis or regurgitation, coarctation of 
the aorta , arteriovenous fistula, anemia, and most cornrnonl~ 
hypertension. All of these conditions increase the work 
load of the left ventricle. It is thought that other types 
of stress can also produce LVH (14). 
3 . Significance of LVH 
a. Clinical importance 
LVH is a disease of major importance because 
its chief cause , hypertension, is one of the most common 
diseases to affect the cardiovascular system (14). The 
diagnosis of LVH , furthermore, has long been a challenge 
to the clinician , especially in the early stages of the 
disease. Here the physician must rely mainly on the 
electrocardiograph for his diagnosis. 
Several studies have been done to correlate the ECG 
patterns in patients suspected clinically of having LVH with 
the anatomic findings at au·topsy . A·ttempts (51) have been 
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made also to elicit the electrophysiologic mechanisms which 
lead to the clinical and ECG changes. According to Scott 
(43) : 
"Many sets of electrocardiographic criteria 
have been developed over the years for the diagnosis 
of ... LVH . These have been largely empirical and some 
have proved unreliable. The ideal electrocardio-
graphic criteria for ventricular hypertrophy would 
indicate all cases of hypertrophied right or left 
ventricles and would not so diagnose any normal cases. 
This is not possible with presently available criteria . " 
In several studies he cites , including his own , Scott 
shows the fallibility of two sets of criteria . These 
criteria were used on cases proven to have LVH at autopsy . 
Review of the ECG records showed that 80% by 1 set of 
criteria and 85% of the cases by the other set of criteria 
had one or more of the currently accepted criteria for LVH . 
Only 53% and 64% respectively , had two criteria . In 
addition , this study did not assess false positives , which 
would materially decrease the accuracy of the criteria for 
diagnosis . 
Little would be gained by recounting the several lists 
of diagnostic criteria here. In general though , they are 
based on left axis deviation , prolonged left ventricular 
activation time , high voltage in left precordial leads and 
ST-segment and T-wave changes . In another study cited by 
Scott of 7 5 cases of anatomic LVH , high voltage , prolonged 
ventricular activation time and ST- T alterations were the 
three criteria evaluated . These were seen in 71 , 40 and 65 
cases , respectively . In 17 cases without LVH , however , 
these same criteria were seen 16 , 6 and 7 times . Scott 
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expresses some surprise that prolonged ventricular activa-
tion time was so unreliable in this study. In his study , 
Sodi- Pollares (47 ) found this criterion in more than 95% 
of 300 cases of autopsy- proved LVH . So it can be seen 
that even retrospective studies from different laboratories 
produce widely divergent results , and therefore LVH is 
still primarily a post-mortem diagnosis (14 ) • 
b . I mportance of basic research 
The clinician ' s dilemma is merely a reflec-
tion of the physiologists ' puzzlement about LVH . To quote: 
"The importance of hypertrophy lies in the fact 
that it is the response of the heart to stress . Our 
limited knowledge co ncerning the etiology and develop-
ment is a major stumbling block in understanding the 
physiology of the heart . It is apparent that improved 
methods of investigation and measurement of myocardial 
hypertrophy are needed . " (4 ) . 
It is known that LVH is actually the second stage of a 
two-part response of the left ventricle to stress (14 ) . 
Some people believe that hypertrophy can only occur after 
there has been initial dilatation of the ventricle (14) . 
Dilatation is an increase in the volume of the ventricle 
and is the immediate result of the stress of an increased 
load on the ventricle which stretches the muscle fibers (14). 
If the stress continues , there is likely to be an increase 
in the muscle mass , i . e ., hypertrophy (37 ). 
1 ) Mechanics of LVH 
It has been proved that dilatation and 
hypertrophy are two separate processes with an intervening 
time lag . The time relationship between the two phases 
was nicely demonstrated by Eyster et al . (12) . They produced 
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aortic valve lesions in dogs and followed the changes in 
the left ventricle by x-ray techniques. They found 
immediate dilatation which reached its maximum in 3 to 6 
days . Later, they sacrific ed the dogs at varying intervals 
and compared heart weight to body weight (ffi,T/BW) ratios. 
Using this ratio as a measure of LVH, they found that the 
process seemed to begin much later than the dilatation, 
and was maximal at about 106 days . 
The mechanism of dilatation is summarized by Starling's 
Law of the heart (2). This law states that the force of a 
contraction is a function of the length of the muscle 
fiber before it contracts, that up to a point, as length 
increases , so does contractile force, and beyond this point 
it falls off . However, the first two statements apply only 
to a heart isolated from neural and hormonal changes (2) • 
There are many questions still to be answered about LVH. 
Still unknown is whether LVH is reversible in humans (36), 
whether anatomic or electrical changes occur first, and 
whether the electrical changes are gradual or sudden (thres-
hold) in appearance (51) • 
2) Theories of LVH development 
The several theories concerning patho-
genesis of LVH as summarized in Friedberg (14) will be 
enumerated here and taken up in more detail under B-1, 
"Methods of producing LVH". 
One theory is that of work hypertrophy; that is, the 
more work a heart has to do, the bigger it gets. The 
nutritional theory explains hypertrophy on the basis of an 
inadequate blood supply. The injury theory postulated 
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hypertrophy as a reaction to tissue damage . Probably all 
these theories can be related to an initial stage of dila-
tation which must precede the hypertrophy. This is 
embodied in the muscular stretch theory which says hyper-
trophy occurs because of the initial stretch of muscle 
fibers . This occurs whenever diastolic volume is increased , 
either by impeded outflow or enhanced inflow (14). 
4 . Goals of thesis 
The purpose of this thesis is to revie'" some 
methods of producing LVH which have been tried in the past , 
and to mention the significance of such work . A previously 
unreported method of producing LVH will also be described . 
This will be followed by a discussion of hypertrophy , 
including some recent work utilizing elec·tron micrography . 
The difficulties of relating LVH to electrocardiographic 
and other measurements will be noted. Finally , suggestions 
for future work will be detailed . 
B . Review of literature 
1 . Methods of producing LVH 
a . Non- surgical 
1 ) Growth hormone 
Beznak showed that rats which were given 
growth hormone showed an increase in heart mass (5) • 
Thyroxine produced a smaller increase in heart mass , while 
cortisone seemed to counteract the effects of growth hormone 
(5) • All these conclusions were based on a change in the 
ratio of heart weight to body weight. 
2 . Pyridoxine deficiency 
Agnew (1 ) fed rats a pyridoxine-free diet for 
28 days . At the end of this time his experimental animal s 
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showed an increased heart-weight body-weight ratio over 
controls matched by body-weight. All his weight ratios 
were done with dehydrated, defatted hearts , so he felt 
justified in concluding that the increase in heart weigh·t 
of his experimental animals was due to increased heart-
muscle mass . 
3) Blood supply 
A defective blood supply has also been 
implicated as a mechanism of hypertrophy in two papers . In 
one (28) , the left anterior descending coronary arteries of 
rats were ligated. There was an increase in right ventri-
cular weight in groups of animals sacrificed at 6 and 12 
weeks. The experimental animals were compared to control 
animals which underwent a sham operation. In the second 
paper , anemia was produced in rats by administering phenyl 
hydrazine (24). A significant increase in heart weight 
affecting both ventricles proportionately was noted at 28 
days. 
4) Hypoxia and temperature 
Another approach (46) produced increased 
heart weight in rats by exposing them to reduced atmospheric 
pressure and elevated ambient temperature. The animals were 
kept at a simulated altitude of 25 , 000 feet and a temperature 
of 37°C for 4 hours a day for 12 days . Heart weights 
were increased up to 50% over controls at the end of this 
time . 
5 ) DOCA and Saline 
Three groups have reported producing 
hypertrophy in rats by administrating DOCA in one instance 
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(13), hypertonic saline in another (40) , and both DOCA and 
saline (45) in the third case . They all reported signifi-
cant increases in :r.m/B'V'7 ratios secondary to the hyper-
tension produced . 
b . Surgical methods of producing LVH 
1) General 
As previously mentioned , anything 
which increases the work load of the left ventricle has 
the potential of producing LVH. One way of doing this is 
to raise the systemic blood pressure (9) . Conversely , 
hypertension is one of the leading causes of LVH (14). 
a ) Procedures involving the kidney 
In 1934 Goldblatt (16) began 
publishing a series of papers which described a form of 
hypertension based on a renal mechanism. He found that 
constriction of both renal arteries , or constriction of 
one artery and contralateral nephrectomy would produce 
marked, persistent hypertension . This phenomenon was 
observed in the absence of renal excretory insufficiency . 
Subsequent work by Page (29) using cellophane and Rau (33) 
using plastic to cause a form of perinephritis have also 
yielded hypertension . Grollman {19) reviews several other 
methods of producing hypertension including partial 
nephrectomy , c overing the renal cortex with silk and a 
collodian capsule applied to the kidney . 
b) Increasing intracranial pressure 
Grollman (19) also reports the use 
of kaolin suspension injected into the cisterna magna to 
produce hypertension by increased intracranial pressure 
acting through neurogenic mechanisms. This was first 
reported by Dixon and Heller (10) and has since been 
refuted by Page (30), by Wakerlin (53) and others. 
c) Buffer nerves 
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Grimson (18) devised a method of 
producing hypertension by first doing a dorso-lumbar 
sympathectomy except for the splanchnic roots to the kidney 
and adrenals. He then cut one 11 cervical-vagus-sympathetic-
depressor11 and the other "depressor-sympathetic nerve 11 
and excised the carotid sinuses . This produced an "immediate 
and sustained increase in sympathetic vasoconstrictor tone 
and arterial hypertension . 11 
2 ) Intra~th6rac±c procedures 
a) Aortic constriction 
Another way to increase the left 
ventricular work load is to increase the resistance to 
outflow. The most direct way of doing this is to constrict 
the aorta. This idea was first tried in the 1860's as 
a possible treatment in aortic aneurysms. It was thought 
that if the aorta could be gradually cons·tricted, it 
could eventually be divided above the aneurysm, when 
adequate collateralization to the distal part of the body 
was established (8). Clatworthy et al. describe many 
ingenious ways devised to accomplish this {8) • Some had 
to do with screw-type devices which protruded through the 
dorsal musculature and could be adjusted regularly. These 
included insertion into ·the aorta of umbrella-like contrap-
tions which it was hoped would thrombose, causing oblitera-
tion of the aor-ta over a period of time. Electrocauteriza-
tion and fascial plugs were also used on the same theory. 
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More recently, series of conical silver or aluminum 
bands in ever decreasing diameters have been used in 
multistage procedures to accomplish the constriction and 
occlusion . All these techn~ques had a high ratio of 
complications and failure due to erosion and hemorrhage. 
In part , the difficulties were due to the materials used . 
In addition , the intrinsic weakness of the thoracic aorta 
as opposed to the abdominal aorta has been cited (8 , 29). 
A third factor is the role played by bacteria in eroding 
the aortic wall (8) . 
The advent of plastics has provided more suitable 
ma·terials for use as constricting agents . Clatv10rthy , 
et al . (8 } used several plastics including DuPont polythene 
film to band aortas of dogs . They were able to produce 
in one step up to an 80% decrease in cross-sectional area 
of ·the aorta. The dogs used varied in size from 0 . 2 
k ilogram puppies to 12 . 0 kilogram dogs . One point worth 
noting is that the polythene film they used had been 
inadvertently coated vli th dicetyl phosphate in its manufac-
ture . Dicetyl phosphate is an agent which produces an 
intense fibrous tissue proliferation (8). This fact , 
combined with their excellent techniques , probably accounts 
for their low incidence of failure from erosion . They 
go·t definite hypertrophy in four months with low mortality. 
Up to 50% mortality has been reported by others in attempts 
to produce coarctation (41}. 
Other studies of a similar nature have been done . One 
technique consists of removing a section of aorta and in·ter-
posing a lucite tube with a small caliber tapered lumen . 
10. 
Others have used fascia lata tied around the aorta (15), 
or cellophane (29 , 44 , 41 ). Reid (34) used sutures as 
the constricting device , to decrease the aortic lumen . 
In all these techniques , there was a high incidence of 
failure due to thromboembolic phenomena or erosion and 
exsanguinating hemorrhage . 
This type of experimental approach , in spite of its 
high rate of failure , does have the advantage of simulating 
a clinical condition : that of coarctation of the aorta . 
Theoretically , at least , the information gained could be 
valuable in deciding the course of treatment in clinical 
cases of coarctation . 
b ) Heart valve lesions 
As previously mentioned , Eyster (12 ) in his 
study to sho\v ·the time lag between dilatation and hypertrophy , 
produced aortic valve lesions in dogs . This increased the 
work load by causing aortic regurgitation . 
Salerno (39 ) got a similar effect with an ingenious 
clamp which artificially duplicated aortic valvular stenosis. 
2 . Clinical criteria of LVH 
In addition to the previously mentioned ECG 
changes , the heart shadow can be seen to enlarge by x-ray 
(14) . This too can be misleading because of course the 
heart is larger in size and has a larger x-ray shadow in 
diastole than it does in systole . 
It is impossible to standardize the time in the heart 
cycle at which the picture is taken unless special timing 
equipment is used . Also , anatomic variations , rotation of 
the heart on its longitudinal axis may position the left 
ventricle far-ther anteriorly or posteriorly , thus masking 
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an increase in size due to hypertrophy . 
Harrison (20) says "A very slight degree of hypertrophy 
may elude recognition by all means , including autopsy .. • " 
C . Preliminary experiments on rats 
1 . Methods 
A pilot study (McDonald and Angelakos , unpub-
lished data) was attempted in this laboratory using similar 
techniques to those of Grollman (19 ) and Selye (45) . The 
purpose of the study was to correlate ECG changes with 
genesis of LVH . Forty male while Sprague-Dawley rats 
weighing 130-150 grams and born on the same day were 
divided into groups of 10 each . Ten rats were used as 
controls . Three groups were given 25 mg. of DOCA in a 
deep intramuscular injection in the following fashion: one 
group was given 25 mg . injections at the beginning of the 
experiment and again at two and four weeks . The second 
group was injected at two and four weeks. The third group 
was given DOCA at four weeks only . On each rat, ECGs were 
taken initially and each week thereaf·ter. All the rats 
were weighed and sacrificed at six weeks. 
2 . ECG changes 
The mean electrical axis , that is the vector of 
two perpendicular leads, I and AVF , was plotted for each 
rat , each week. This axis was found to shift wildly and 
unpredictably from week to week . It was felt that this 
might be due to changes in anatomic position of the heart 
with maturation of the animals . Therefore we repeated the 
whole experiment using mature 500 gram rats , in which 50 mg . 
pellets of DOCA were implanted subcutaneously . The general 
experimental plan was as before . 
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3 . Weighing difficulties 
The hearts were weighed , as were the ventricles . 
All weights were accurate to 10 mg. The right ventricle 
was separated from the left , leaving the septum with the 
left . The left ventricle was then weighed separately. 
Statistical analyses were made of the various weights 
and ratios , comparing controls with experimentals . There 
was only one significant increase- -left ventricular weight 
of experimental animals . There was no concommittant 
increase in heart weight . 
The coefficient of variation was very high, reaching 
9 to 10% in experimental animals . This was the same 
magnitude as the change in heart weight . This was thought 
to be due at least in part to difficulties of dissecting 
and accurately weighing such small organs. 
At this point the project was abandoned . A better 
method of producing LVH was sought which would be applicable 
to larger animals . 
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II . Me-thods and Materials 
A . Choice of procedure 
1. Eccentric vs . concentric hypertrophy 
Many cardiologists including Sodi-Pallares (47 ), 
Rushmer (37), Friedberg (14), recognize two pathologic 
types of left ventricular hypertrophy , concentric and 
eccentric . Concen·tric hypertrophy is hypertrophy of the 
whole ventricular and septal wall in a s~~etrical fashion . 
It appears to be related to those types of stress which 
affect all portions of the ventricle evenly. Clinical 
diseases which lead to concentric hypertrophy include 
chronic glomerulonephritis , aortic stenosis and coarctation 
of the aorta {47 ). 
Eccentric hypertrophy on the other hand affects the 
ventricle unevenly; some areas show hypertrophy , other 
dilatation . Examples of lesions producing eccentric 
hypertrophy include rheumatic heart disease and aortic 
regurgitation . Weakening of the wall due to rheumatic 
myocarditis and the pressure of the regurgitant stream of 
blood {jet effect ) are two of the mechanisms cited as 
causing the dilatation (4 7). 
Most workers feel that these two types of hypertrophy 
cannot be differentiated electrocardiographically . The 
exception i s Sodi- Pallares (4 7) who feels that concentric 
and eccentric hypertrophy have distinctive ECG patterns . 
In order to avoid this controversy and also to keep ECG 
and histologic studies as simple as possible , it was 
decided to concentrate on producing concentric LVH . 
2 . Limita·tions of equipment, personnel 
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Although at least one group (12 ) has produced 
aortic insufficiency this necessitates excellent surgical 
technique , a surgical team and ideally , a cardiac by-pass 
should be employed . Since none of these was available 
it was decided to try the simpler alternative of constrict-
ing the aorta . This can be done 'irvi thout special equipment 
and seemed ideally suited to our experimental design and 
laboratory setup . 
B . Choice of animal 
Although animals used have included rats (22 ) , 
rabbits , (11 ) and dogs (4 7), we chose to use ·the dogs 
because they are large and therefore easier to )vork with 
surgically than rats , and are less expensive and easier 
to handle than monkeys . Furthermore , the heart size is 
such that inaccuracies introduced into weight measurements 
by dissection "VTould be less significant . 
Dogs also withstand ·the stress of surgery very well . 
Finally , various ratios of LV /RV weight , mv/BW ratios , etc . 
have been published (22 ) for dogs which might aid in 
evaluating data . The dogs used were young adult male 
mongrels ranging from 12- 1 7 kg . (25-40 lbs .) in weight . 
C . General Operative Procedure 
1 . Description 
The thoracic aorta was the surgical target . 
The thoracotomy approach was basically the same in all 47 
animals . The only differences were in the placement of the 
constrictive device and in ·the type of device or procedure 
used . 
vvi thin 24 hours prior to surgery the dog was lightly 
anesthetized with sodium pen·tobarbi tal, clipped and control 
6 lead ECGs and VCGs taken . 
measurements ). 
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(See section K, ECG and VCG 
At the time of surgery , the dog was again lightly 
anesthetized with sodium pentobarbital intravenously , 
abou·t 30 mg/kg body weight . The first dogs were done with-
out regard to aseptic technique . The left thoracic area 
was then shaved , washed with surgical soap and prepped 
with 70% alcohol and then merthiolate . The dog was then 
intubated with a Magill tube and placed on a Harvard 
respirator (TV 250 cc . RR-18 ). It was then draped and the 
fourth intercostal space located . The incision was begun 
at the costochondral junction and extended abvut 12 em. 
along the leading edge of the fifth rib , to avoid inter-
costal vessels . 
The muscles were opened in layers and bleeders were tied 
with 3-0 silk . The intercostal muscles and peritoneum were 
nicked , then separated with scissors ·to avoid injuring 
thoracic organs . The ribs were retracted and the appropriate 
area of the aorta \vas located . 
The constricting device was placed, with vlhatever 
dissection was necessary. (Details will be elaborated 
under ·the OJcher Procedures sections , II-H) . Care was 
taken to avoid the thoracic duct. 
During the operation the heart was watched for dilata-
tion or arrhythmias and the ECG was monitored . If signs 
of cardiac distress were seen , the constrictive device 
was removed and another looser one substituted, af·ter a 
recovery period of about 10 minutes . 
Upon closing , a wa·ter seal was inserted , 4*2 silk 
ligatures were placed , the ribs were approximated and the 
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rib s·tays were secured . The muscles were closed in layers 
with continuous sutures of 2-0 silk . The skin was closed 
with vertical interrupted mattress sutures of 2-0 silk . 
No dressing was used . 
Hith the exception of those dogs victim of surgical 
accident all dogs withstood the procedure well. They 
would usually resume spontaneous respiration within l-2 
hours after the operation was completed . vihen there \'las 
no more air entering the water seal , it was removed and 
the dog was returned to his cage . 
The dogs v1as checked daily for l week and any sign of 
infection was treated by drainage and 1 . 2 million units 
of Bicillin (lvyeth ) intramuscularly . Alternate sutures 
were removed at 7 days , the rest at 10-14 days . 
2 . Constrictive devices 
The first few operations were attempts to 
duplicate the work of Clat\vorthy , Sako , et al . (8) . That 
is several thicknesses of thin plastic film about l em . 
wide were placed around the ascending aorta and secured 
with a knot . These materials included DuPont polythene 
film (8 ), Saran wrap ( R ) , cellophane (8) and teflon film. 
In one dog a short piece of thick-walled teflon tubing 
was used . The tubing , about 2 em . long with an inside 
diameter of~" , was split longitudinally . A series of 
needle holes was made on each side of the split so that 
once the tubing was placed around the aorta , it could be 
held together with sutures threaded through the holes . 
This device was used on 2 dogs . 
D. Site of constriction 
Clatworthy ' s (8 ) excellent results indicated that 
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it was feasible to band the ascending aorta in dogs . This 
is direct , relatively simple , and would avoid the problem 
of collateralization . 
Collateral flow occurs when there is increased resis-
tance to flow in the aorta or any other large vessel . 
This causes the smaller vessels central to the obstruction 
to dilate and carry the blood distal to the obstruction 
(54 ) . Logically then , the greatest increase in resistance 
to flow , and thus the most hypertrophy would be produced 
if the constriction were so close to the heart that no 
collateral flow could develop . For thisreason the first 
few experiments were attempted to constrict the ascending 
aorta . 
In the first dogs operated on , a single strand of #2 
surgical s i lk was used to constrict the ascending aorta . 
The pericardium was not opened and the aorta was subjected 
to as little manipulation as possible . 
E. Amount of occlusion 
In a large series of experiments , Clatworthy (8 ) 
found that dogs could survive up to 80% acute reduction 
in cross-sectional area of the aorta . With over 85% 
reduction almost all dogs died in Congestive Heart Failure 
(CHF ). On the other hand , Wiggers (54 ) says a palpable 
decrease in femoral pulse is produced at about 30% 
reduction in size . Thus , certain fairly broad extremes 
were imposed upon the amount of constriction . A 50% 
decrease in size seemed a good compromise for which to 
strive . 
F . Measuring Occlusion 
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When the aorta wa s freed up at operation, a suture 
was tied snugly around it , then cut and measured. From 
this diameter and cross-sectional area were calculated. 
When the constrictive device was secured the process was 
repeated to check for percent of reduction . 
G. Evaluation of Early Experimen·ts 
Each of these dogs survived 3-7 days before 
exsanguinating hemorrhage occurred . At post mortem 
examination the site of erosion of the aorta was found to 
be the same in each case: the right dorsal aspect of the 
aortic wall was paper thin and here the perforation had 
occurred . 
H . Other procedures 
1 . Dicetyl phosphate 
Since dicetyl phosphate was implicated in the 
low percentage of failures in Clatworthy ' s study (8) it 
was felt that i t should be tried . It is insoluble in 
water and in ethyl alcohol , but it does have a low melting 
point , so it was applied to sheets of polythene by means 
of an electric iron. Strips were then cut from the sheet 
of plastic and tied around the aortas of three dogs . These 
too died within days of the operation. At post mortem a 
thin whitish film was observed over the pericardium and 
lungs , but the aorta was perforated as before. 
2 . Descending aorta 
It was felt that the uniformity of location 
of the perforation site in the dogs indicated structural 
weakness and that future attempts at constriction should 
be done on the descending aorta distal to the left sub-
clavian artery. Therefore all procedures tried on the 
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ascending ao rta were repeated on the descending aorta . 
In five dogs 1 the aorta was constricted \'lith ligatures 
of polythene 1 cellophane or Saran v1rap . 
3 . Reid ' s method 
In addition, operations were performed on 2 
dogs using Reid ' s method of constriction (34), suturing 
a wedge section of the aorta together . The aortic walls 
were approximated by right-angle forceps and a series of 
interrupted 6-0 sutures were placed adjacent to the clamp. 
Most of the sutures held when the clamp was released 
and a good degree of obstruction was obvious . This dog 
also died in 4 days . On post mortem , a thin necrotic area 
with multiple perforations was found along the area where 
the clamp had been applied . Apparently this clamp had 
been too traumatic . In addition, several of the sutures 
had broken , leaving very little impediment to flow . 
The same procedure was tried again using a 4-0 silk 
suture . This time the puncture holes made by the needle 
were too large to seal spontaneously and hemostasis could 
not be achieved even with pressure and Gelfoam. The 
experiment was terminated by allowing the dog to bleed out . 
I . Further attempts t o constrict descending aorta 
1 . Introduction 
It seemed obvious from the eroded areas that 
the pulsatile nature of the aortic movement was causing 
abrasion by the contricting plastics. Since suturing of 
the aorta did not seem promising, a search was made for 
more innocuous substances to use as constricting agents . 
2 . Dahl ' s method 
A paper by Dahl et al . (9) was consulted. He 
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had tightly wrapped strips of Ivalon sponge on tapered molds 
and pierced these by needles to provide suture holes . 
These molds had been machined from steel . The molds ' 
smallest diameters were cut about 1 em . wide and 6-8 
em . long . A strip was tightly wrapped around the mold 
in several layers and secured . This assembly was cooked 
for 30 minutes , washed and cooled . Then it was slit 
longitudinally and removed from the mold . Dahl reported 
a great degree of success with this method of constricting 
peripheral arteries and veins . 
In our laboratory similarl y shaped molds were made 
by heating glass tubing and drawing it out . Ivalon sponge 
was prepared i n the prescribed manner , placed in the mold 
and cooked . However , when it was removed from the mold 
there was a tendency for the layers to separate and the 
appliances were not considered usable . 
3 . Rusch Cuff 
At the suggestion of Dr . E . T. Angelakos , it 
was decided to use a Rusch Cuff as the constricting device . 
This is a double- walled inflatable tube made of gum rubber . 
It fits around a Magill endotracheal tube and is used to 
keep it in place . 
It was decided to place this rubber cuff around the 
descending aorta and sew the two ends of the cuff together . 
The cuff is provided with a catheter for inflation . This 
could be tunneled through the dorsal musculature and 
inflation could be accomplished externally . In this way 
the aorta could be occluded to any degree at any time and 
similarly the occlusion could be released . It was hoped 
that by waiting a week or two after operation, enough 
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fibrous tissue proliferation would have occurred to prevent 
perforation of the aorta. This procedure would also have 
a greater degree of control over amount of constriction. 
J. Surgical technique modifications 
1 . Intercostal artery ligation 
The possibility of the cuff eroding the highest 
intercostal vessels was considered and surgical technique 
was modified to include tying-off of the highest and first 
intercostals. 
2. Asepsis 
All dogs on which the Rusch Cuff was used were 
operated on using aseptic technique . 
3 . Biopsies 
Since one of the goals of the experiment was 
to correlate the earliest ECG changes with histologic 
change, attempts were made to take heart muscle biopsies. 
These procedures were done on three dogs, numbers 17, 
18 and 19 . The first plan was to take sections percutane-
ously using a Vim-Silverman Biopsy needle. 
The procedure was first tried on sacrificed dogs which 
had been used in acute experiments and were open chest 
preparations. This worked fairly well . The same procedure 
was then tried on two live open chest dogs, both percutane-
ously and through the incision under direct vision, but no 
usable -sections were obtained . The needle was also used on 
dogs numbers 17 and 18 at operation without success. 
Stained sections revealed only fragments of fat and connec-
tive tissue . On dog number 19 , a 3 x 8 mm. section was 
taken from the left ventricle using a number 11 B-P Blade . 
This caused profuse bleeding and deep S-waves on the ECG. 
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This procedure seemed highly unsatisfactory and was not 
used again . 
4. Bacterial aortitis 
Several of the dogs developed draining fistulous 
tracts at the site of the catheter ' s exit from the dorsal 
musculature. These were cultured and grew out variagated 
flora of gram negative rods with E . coli predominating . 
These organisms all showed in vitro sensitivity to 
Streptomycin , Chloromycetin and to Kanamycin . But the 
infections seemed to subside , so the animals were not 
treated . Subsequently , one of the dogs , number 27 , died 
of perforation of the aorta . 
Serial sections of the aorta (prepared by Dr. William 
McNary , Department of Anatomy , Boston University School of 
Medicine) showed eosinophilic rods in the aortic wall 
and disruption of the elastin layers of the aorta . This 
was suggestive that bacterial aortitis might play a role 
in the perforations which occurred with the Rusch Cuff. 
5. Cuff inflation 
Initially , the cuff was inflated on the 7th 
post-operative day . A few of these dogs died of hemothorax 
however . The remainder of the animals underwent cuff 
inflation on the lOth to the 14th post-operative day . 
Technique of inflation was simple . It was found that 
a volume of 1 . 5 cc . of water injected into the cuff would 
barely decrease the femoral pulse, and a volume slightly 
over 2 cc . would obliterate it entirely. So the dog was 
l i ghtly anesthetized with pentobarbital sodium I.V. and 
placed on the dog table . Then while palpating the femoral 
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pulse , the water was injected and recovered several times , 
to remove air bubbles from the system . ~~en the desired 
amount of occlusion had been obtained , the cuff catheter 
was doubled on itself and tied off with heavy suture. 
Before each subsequent inflation the cuff was checked 
to see if the previous total injected water could be 
recovered . Then , an additional small amount was injected , 
care being ·taken not to obliterate completely the femoral 
pulse . vmen the dogs awoke from anesthesia , they were 
checked for paresis and if necessary , the cuff was completely 
deflated . Rarely did this occasion arise . 
K. ECG and VCG measurements 
1 . Schedule 
Prior to surgery , at the time of initial infla-
tion of the cuff and generally each week thereaf·ter , ECGs 
and vector cardiograms (VCGs) were taken . 
2 . Method 
ECGs v1ere recorded on a Sanborn Twin-Viso 
recorder at a paper speed of 50 mm . /sec . and at standard 
calibration 1 mv . = 1 em . deflection . 
For record taking the dog was again lightly anesthetized 
with pentobarbital sodium , then placed supine on a dog 
table. Number 20 gauge needles were used for electrodes 
and were placed subcutaneously to reduce 11 noise 11 to a minimum. 
Limb leads were placed on the respective legs and a standard 
6 lead ECG was taken . 
A series of chest leads was then taken also using a 
needle electrode . These leads were begin at the mid-sternal 
line and continued around the chest to the mid-dorsal line . 
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The leads were all in the plane of the lateral fourth 
intercostal space . They progressed in ern. steps to 6 ern. 
on the left at 4 ern . on the right then in 2 ern . increments 
to 12 ern . on the right , and t o 18 ern . on the left. A 
mid-back lead was also taken . 
3 • VCG method 
VCGs were taken on an H-P 403 oscilloscope . 
These essentially utilized the \.Vilsonian tetrahedral 
system (55) . That is , Leads I and AVF produced the frontal 
loop , Leads I and V back the horizontal and Leads AVF and 
V back produced the left saggital loop. 
A slight modification was introduced . Instead of a 
lead ratio to 1 . 73 to 1 , as Wilson used {55 ) , we decided 
to use a ratio of 1 . 2 to 1 in the frontal and horizontal 
and 1 . 1 to 1 in the saggital loops. This widens the 
ordinarily narrow loops caused by the dogs • relatively 
longer antero-posterio r dimension. 
The loops were recorded on a direct reading Polaroid 
Land camera and were taken at the same time as the ECGs . 
L . vleights and measurements 
1 . Introduction 
It was felt at the outset that weight would be 
a good criterion of the amount of LVH produced . Published 
reports of increases in left ventricle weight up to 50% 
had been found (46 ). Also several studies list criteria 
of hypertrophy in dogs by left ventricle weight, LV/HW and 
HVI/BW ratios . 
The difference between the heart weights of experimental 
and control series should also be a good indication of the 
amount of hypertrophy . 
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2. Method 
a. Body weight 
The dogs were weighed to the nearest half 
pound and this was converted to kilos for convenience. 
Post mortems were usually confined to the chest. The 
heart and wherever possible the constricted section of 
aorta were removed from the chest. In some cases ·there 
was too much fibrosis to allow freeing of the aorta from 
the chest wall. 
The catheter to the Rusch cuff was cut under direct 
' 
vision to note whether fluid under pressure escaped. 
b . Heart weigh·t 
The aorta was cut free from ·the heart close 
to the base . The heart was rinsed in tap water, blotted 
dry and weighed. The auricles were then separated from 
the ventricles and the ventricles were weighed . Then 
the right ventricle was separated from the left leaving 
the septum attached to the left ventricle, and the left 
ventricle was weighed . 
3 . Thickness 
Both the right and the left ventricles were 
then divided transversely about 3 em. from the base and 
the thicknesses of their walls were measured. On the left 
ventricle, 5 or 6 measurements were made including mid-
septal thickness, free-wall thickness at the anterior and 
posterior septal margins ; mid-free-wall thickness between 
papillary muscles and the greatest thickness of the wall . 
The heart was then placed in formalin for histologic study . 
4 . Histologic studies 
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a . Cell counts 
Sections were prepared from both control 
and experimental dogs and the numbers of fibers per square 
area were counted. These sections were cut perpendicular 
to the plane of the muscle fibers and included the total 
thickness of the ventricular wall. Counts were made of 
representative areas of the outer, middle and inner parts 
of the ventricular wall. 
b. India Ink injections 
Miss Pamela Bernardini of this department 
injected the hearts of several dogs with India Ink. This 
was done on fresh post mortem specimens. Injection was 
made with a syringe via the coronary arteries. It was 
hoped that the capillaries would fill with ink. Then 
sections could be made and the ratio of capillaries to 
muscle fibers could be determined . 
These studies were not very successful. 
to inject with the proper amount of force . 
It was difficult 
If too much 
force was exerted, the ink extravasated into the muscle 
tissue. If too little force was applied, the capillaries 
would not f ill. In other dogs, the blood inthe coronaries 
clotted so rapidly, it could not be washed out, and the 
capillaries could not be filled . 
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III. Results 
Table 1 summarizes the results obtained in twenty-one 
dogs . The Rusch cuff was used as the constricting device 
in each . Days refers to the number of days the dog lived 
after inflation of the cuff. 
As can be seen from the table , although several dogs 
lived four or more months after cuff inflation, their 
weight ratios are not different from the dogs who lived 
a shorter time. Also these values are within the normal 
range reported in Hoskins (23 ). 
A. Table l 
Weight Ratios in Dogs with Aortic Contriction 
Body 
Animal Weight Heart Wt. Ventri . 
Number Days kg . {grams} w·t . LV wt . Wt1LB'Vl LViHW 
21 40 15 . 9 146 . 0 125.9 92.5 . 00918 . 634 
22 20 17. 3 118 . 2 103 . 6 
---- . 00683 
23 165 14 . 5 143 . 3 129 . 3 99 . 7 . 00988 . 696 
25 8 18.8 130 . 1 116 . 8 87 . 3 . 00692 . 671 
26 3 17 . 3 137 . 8 124 . 3 91 . 1 . 00 797 .661 
27 
-- ----
128 . 2 114 . 8 85 . 7 
------ .668 
28 52 11 . 8 134 . 6 121 . 3 88 . 5 . 0 1407 . 658 
29 150 13 . 0 129 . 6 110 . 0 82.3 . 01000 .635 
30 51 17 . 3 137 . 1 124.2 91.3 . 00792 . 666 
31 0 15 . 0 167.4 147. 9 111 . 6 . 01116 . 667 
32 52 15.5 105.3 92.0 68 . 6 .00679 .651 
33 39 15 . 2 142 . 8 129.7 98 . 4 . 00974 .693 
35 123 16 . 4 119.9 105 . 2 77 . 6 . 00731 .647 
36 26 13 . 0 108.1 99 . 7 75 . 7 .00832 .691 
38 7 10 . 5 79 . 4 69.9 49.6 . 00756 .625 
39 33 15 . 5 112 . 5 104.9 75 . 8 . 00726 . 674 
40 0 13 . 6 119 . 6 103.1 77 . 0 .00879 .644 
41 42 12.8 126 . 9 105 . 6 79.7 . 00991 .628 
44 14 12.3 111 . 4 99 . 4 71 . 9 .00906 . 645 
45 0 18.8 166 . 6 148.2 103 . 0 .00886 . 618 N 46 120 24 . 0 167.8 147.6 108 . 4 . 00699 .646 (X) 
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B . Records 
~fuen each weekly ECG was taken, it was incorporated 
into a chart. The height of the R wave and the depth of 
the S wave were plotted for each of the points on the 
chest at <,..,rhich a lead was taken. 
Figure 1 is an example of VCG loops in frontal, 
horizontal and sagital planes . These are the control 
leads in an experimental animal. 
It is worth mentioning that although some dogs survived 
for several months , there was never any evidence of 
significant change in the ECG records or VCG photographs . 
Figure 2 shows VCG leads on the same dog over 2 months 
later . There is no significant difference between the 
two tracings . 
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Figure 1. Control Vectorcardiograms 
Frontal Plane 
Horizontal Plane 
Left Sagittal Plane 

31. 
Figure 2 . Vectorcardiograms--2 months after Constriction 
Frontal Plane 
Horizontal Plane 




There are several diverse points which are worthy 
of discussion. First, there is the question o f what 
constitutes LVH. It has been shown that the clinical 
criteria are inexact and prone to false positive, as well 
as false negative diagnosis. Now it will be seen that 
the anatomic criteria also leave something to be desired. 
B. Indices of LVH 
Various attempts have been made to establish the 
criteria for LVH anatomically. One basis is weight. 
Such indices as total heart weight, left-right ventricular 
weight ratio (LV/RV), left ventricle-heart weight ratio 
(LV/ffi~), heart weight-body weight ratio (ffiv/BW), and left 
ventricle body weight ratio (LV/~T), all have been used (43). 
1. Total Heart V'7eight 
On the basis of 926 post mortem examinations of 
people with no evidence of cardiac disease, Zeek (56) 
found that the average heart weight was about 326 gm. for 
males and 275 for females. This was for normally nourished 
whites. The standard deviation was about 40 gm. and the 
coefficient of variation about 12-14%. She found that 
heart weight could be related to height in em. and body 
weight. But what constitutes hypertrophy? 
Friedberg (14) says weights of 350 gm. in the male 
or 300 gm. in the female usually mean hypertrophy. Scott 
(43) says normal heart weight ranges "roughly from 200 
·to 400 grams... Selzer et al. {cited in Scott {43)) 
considered the arbitrary value of 25 gm. above Zeek's 
upper limits of normal values to include hypertrophy. 
Grant (17) used in his study only hearts weighing over 
500 grams. So there is little agreement shown here. 
2. Left ventricle--right ventricle ratio 
The LV/RV ratio seems a little amorphous. 
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Scott (43) cites five studies with average ratio ranging 
from 1.74 to 2.0. However one gets into different problems 
here . The stumbling block is the septum. 
In 1925 Herrman (21) described a method of weighing 
the ventricles separately to determine the ratio of 
right to left ventricular weight. His method is a tedious, 
time-consuming one and its reproducibility in other 
laboratories is questionable . Later studies (47) 
have shown that right and left septal masses can be 
separated . 
Lev as quoted in Scott (43) and Sodi-Pallares (q . v . 47) 
states that normally 70-80% of the intra-ventricular septal 
mass is contributed by the left ventricle and this rises 
to more than 80% in LVH. Sodi- Pallares mentions that his 
group and Lev agree that the septal components are 
proportional to the weights of the respective free ventri-
cular walls. In right ventricular hypertrophy, the right 
septal mass may be 50% of the total . A third method of 
measuring individual ventricles is to cut the right ventri-
cle free at the septum , leaving all the septum with the 
left ventricle (43 ). This seems to be a relatively simple 
and logical method , especially for an experimental study 
where one can do a series of controls for comparison and 
for the same reason is not good for retrospective studies . 
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c . Cellular changes 
Another way to establish the diagnosis of hyper-
trophy is to use histologic techniques . The bJ'o main 
methods are 1) to measure numbers of fibers per square 
area on normal and experimental animals and on patients 
without and with heart disease , and 2 ) to establish ratios 
of fibers to blood vessels in a series of hearts . 
Linzbach (27 ) did the latter and noted the ratio of 
fibers to capillaries. This ratio has been proven to 
remain constant throughout adult life (35) . But Linzbach 
(27 ) examining hearts severely hypertrophied (greater 
than 500 gm .) found there was an increase in the ratio of 
fibers to capillaries . This led him to believe that the 
increase in muscle mass might be caused not only by an 
increase in diameter of fibers , but also by an actual 
increase in fibers . He ·though that this was most likely 
the resul·t of longitudinal splitting of fibers . 
Although this work is often cited (14, 43 , 35) , no 
other reports either confirmatory or contradictory , 
were found . 
From an experimental standpoint , perhaps the greatest 
difficulty involving LVH is deciding what the minimum 
criteria are . 
Friedberg (14 ) says that any weight over 350 gm . in 
males or 300 in females is hypertrophy . In retrospective 
studies on clinical criteria, however , some have used 500 
gms . as the weight threshold for LVH (17 ) • r.1ost investi-
gators would consider this severe hypertrophy . 
As mentioned previously , studies of weights have also 
been done on dog hearts . Detweiler (in Hoskins, 23) found 
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the LV/RV ratio to be 1.709--1.761 in dogs with nephritis. 
Herrman's (21) HW/BW ratio was .006 to .00994 in normal 
dogs . Kunze (26) found the range to be .0064--.0090. 
As can be seen from Table I our series showed that 
as body weight increased, the ratio of J-IV.7/BW decreased. 
It is also apparent that in all cases the LV/fl'Vl was . 61 to 
.69 which is within the range of normal for most studies 
(23) • 
D. Reasons for contradictory results in literature 
Several of the studies cited in the introduction 
may have been measuring increases in heart weight which 
were not increases in muscle mass, i.e. pseudohypertrophy. 
Such increases may be caused by excess water or fat in 
the heart tissue. It has been shown to occur in such 
clinical conditions as beri-beri, where the heart may 
be very edematous. Increases may also occur in glycogen 
storage diseases such as Nieman-Pick's disease (14). Drury 
(11) seems to have avoided this by defatting and dehydrat-
ing the tissue before weighing it. 
A critical analysis of other studies makes one wonder 
vlhether it is justifiable to assume LVH was produced when 
the only measurements were m~/BW ratios (41,2). 
E . Other theories concerning LVH 
Of the several theories concerning hypertrophy, 
most have been supported experimentally. The exception 
is Albrecht's theory (quoted in Friedberg, 14). He noted 
the time lag between the initial dilation and the ensuing 
hypertrophy. He also noted that in his experiments dilation 
was the inevitable precursor of hypertrophy. This led 
him to the conclusion (probably erroneous, 12) that 
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dilatatio n in some way intrinsically damaged the fibers. 
He felt that this fiber damage then acted as a stimulus to 
hypertrophy . 
The only recent work which might be considered to test 
this hypothesis was by Huxley and Peachy in 1959 {24) . 
Using isolated frog semitendinosus muscle fibers they 
showed that if the fiber was stretched more than the 
length of a sarcomere (3.5 ~ ) that it failed to contract . 
This they postulated was because contraction is by 
interaction of adjacent components in the myofibril (the 
I and A bands ) . The relevancy of this isolated prepara-
tion , vlith striated muscle , to the role of stretch in cardiac 
muscle is questionable , since recently Sonnenblick et al . 
(49} have shown that there are marked differences in 
muscle mechanics of skeletal as opposed to cardiac muscle. 
F. Reversibility of LVH 
Some "'10rk has shown ·that when the stress stops, 
there may be regression of cardiac enlargement (14 ) Of 
major importance , both clinical and physiological is 
that of the question of the reversibility of LVH . This 
problem has been attacked by Drury (11). Using rabbits 
he produced an arteriovenous anastomosis from the carotid 
artery to the jugular vein , after taking control roentgeno-
grams f o r measurement of cardiac area . The anastomosis 
was left for three months when the animals were again x-rayed . 
At this time the cardiac area was about twice ·that of 
control x-ray in each animal . The fistula was then closed . 
In all but one animal of the series there was a rapid 
regression in x-ray to normal . The animals were sacrificed 
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and all but one (which had enlargement by x-ray) had normal 
or near normal heart weights . 
vfuile this is not proved anatomically, and is not 
concrete evidence of regression of hypertrophy, it does 
seem ·to indicate that hypertrophy is reversible. 
Peet and Isberg (31) and Bridges, et al . (7) feel 
that they have seen reversal of LVH in patients after 
surgical sympathectomies for malignant hypertension. 
Roberts in Sodeman (36) is more cautious: 
11 There is no v1ay of ·telling whether or not hypertrophy 
of the human heart is reversible, since there are at present 
no methods whereby the progress of hypertrophy can be 
studied independently of dilatation and other myocardial 
changes. However, upon teleogic grounds and by analogy 
,.,i th experimental hypertrophy, it would be supposed that 
hypertrophy, being a compensatory process, is always 
potentially reversible. The strongest indication that 
hypertrophy is reversible is found in regression of the 
ECG signs of LVH, without change in heart size following 
reduction of blood pressure by medical or surgical means 
in cases of hypertension ... 
While the evidence is more for than against reversibility, 
more work must be done to settle this question. 
G. Is Coarctation a renal mechanism? 
Another controversy exists concerning the mechanism 
of LVH in cases of coarctation of the aorta. In fact, 
there is no real agreement about what changes do occur 
with coarctation. Some feel that the resulting hypertrophy 
is due to the increased load caused by constriction of 
the aorta, others say this is merely Goldblatt clamp, which 
causes generalized hypertension . 
Bing(6) states that coarctation produces hypertension 
in the upper limbs, and decreases the blood pressure in 
the lower limbs. This would seem to indicate that the LVH 
is due solely to the resistance . 
Steele (SO) says ·that there is an elevation of the 
diastolic blood pressure in the lower limbs as well as 
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the upper. Uhley (51 ) also makes this point . This v.,rould 
indicate generalized increase in vascular tone and a renal 
mechanism . The cardiac output measured by various groups, 
however, has been found to be normal (6 , 25 , 41). 
As me ntioned before , since :Goldblatt ' s experiments , 
others have used various methods of producing "renal 
hypertension". The common denominator in all these 
experiments is interference with renal parenchymal circu-
lation . (33, 14 , 30 ) . 
The mechanism for renal hypertension has been well 
worked out. Page and his group as cited in Rushmer (37) 
have synthesized the substances involved. There is an 
enzyme secreted by the kidney called renin. This is 
poured into the plasma when there is interference with 
renal parenchymal circulation . In the p~asma, renin 
acts on an alpha- two globulin to release angiotensin I , a 
pro tein composed of ten amino acids. A plasma enzyme 
then converts this to angiotensin II by splitting off 
two of the amino acids (37 ). The only active agent in 
the series i s angiotensin II which causes an increase in 
vascular tone, thus producing hypertension . 
There are many disease states capable of interfering 
with normal parenchymal circulation including hydronephrosis, 
pyelonephritis , glomerulonephritis and anyloidosis , to 
name a few (14) . 
Page , however , (2 9 , 30) feels that a decrease in ·the 
pulse pressure can accomplish the same thing; namely , 
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production of angiotensin II and hypertension . 
He arrived at this conclusion when his measurements 
of renal blood flow showed no decrease from normal . 
Pressure measurements v1ere done on two dogs in this 
laboratory. The dogs had been opera·ted on in ·the usual 
way and a Rusch cuff placed around the descending aorta . 
Then the cuff was inflated, two weeks after prepara-
tion , there was an increase in sys·tolic BP above and a 
decreased systolic pressure belov1 the cuff . The diastolic 
BP was the same on both sides of the constriction and 
unchanged from control levels . 
It seems possible that ·the variation on ·the blood 
pressure readings of different observers might be due to 
the length of time the constriction exis·ted before BP 
measurements were taken . 
The two experiments above showed also tha·t constric-
tion to the point of a barely palpable femoral pulse 
caused significant hypertension proximal to the constric-
tion . Also , from the evidence of Sco·tt and Bahnsen 
(42 ) it would seem that there is at least a renal component 
to this type of hypertension . 
These investiga·tors produced coarctation by su·turing 
the left subclavian artery to the aorta . They then divided 
the aorta above this anastomosis . The nex·t step was a 
uninephrectomy . After the resultant hypertension was 
established , they transplanted the remaining kidney to 
the carotid area . This produced a drop in the blood 
pressure , which v10uld support the theory that renal mechanisms 
are involved in a Goldblat·t-type response. 
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The opponents to a renal mechanism conjecture that if 
a humoral agent were involved, there would be a generalized 
hypertension rather than just above the constriction (54). 
Schenk (41) suggests an interesting theory to explain 
this seeming paradox. He speculates that the humoral 
agent involved might have different effects on vessels in 
which blood flow and perfusion pressure are decreased, as 
Schenk feels they are, below the site of the constriction. 
The hypertension above the constriction he feels is 
adequately explained by the decrease in the size of the 
aortic compression chamber. It has been postulated that 
the hemodynamic changes imposed by the constriction would 
cause the altered pulse contours seen in the carotid 
arteries . 
There is an opposite school of thought which takes 
issue with this. Their evidence is based on measurements 
of renal blood flow which indicate that this is unimpaired 
in so-called Goldblatt preparations (29) . 
Rytand (38) felt that vasomotor tone was increased 
both above and below the coarctation. He found that if 
the constriction were proximal to the kidneys, LVH ensued. 
If the constriction were placed below the level of the 
renal arteries, there was no LVH. However, he did not 
measure blood pressure during these experiments: 
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v . Conclusions 
A . Non- reproducibility of published results 
The most disconcerting aspect of the present study 
was the inability to reproduce the results of the several 
papers consulted on methods of producing LVH. 
The study done on rats using DOCA and saline is 
considered a classical method of producing LVH. No adequate 
explanation has been found for the failure of this method 
in our laboratory. In the study of Sako, Clatworthy et al . 
(8) , the difference may be due to their use of plastic 
coated with dicetyl phosphate . One also wonders whether 
some over-simplification may have occurred during the 
process of preparing several of the papers for publication . 
B . Adequacy of clinical criteria 
Briefly , the d~noument of LVH is not yet known. 
In part this is because the criteria for its diagnosis , 
both clinical and pathological , are at present too inexact . 
It may be that there is a threshold at which electrical 
changes take place, which follows the advent of cellular 
changes by an indefinite period of time. 
Some of the published reports dealing with methods of 
producing LVH may draw unjustified conclusions. An 
example of this is considering that an increase in heart 
weight means LVH (41) . 
C . Future areas of study and suggestions for future work 
The problem of LVH will continue to be an important 
one for both the physiologist and the clinician , in this 
era of increasing life span, since it is predominantly 
found in the elderly (14). 
42. 
Once a good experimental method of producing LVH is 
found , many of the questions raised in this thesis can 
be answered . Reversibility of LVH can be further explored . 
This could be done by using litter mates. The experimental 
procedure could be applied to all animals. One group 
could be sacrific ed after LVH is established , the other 
allowed to live a suitable period to see if regression 
in heart size takes place . This procedure would work best 
if some constricting device which could be externally 
manipulated were used. 
Just finding a good set of pathologic criteria in 
experimental animals would be a worthwhile project. 
Then the next step logically would be to establish 
ECG criteria , trying to find the first dependable sign 
of LVH in a high percentage of cases. 
Establishing whe·ther there is an increase in muscle 
fibers would be a histologic extension of the basic 
technique of LVH production . 
43. 
SUMMARY 
A review of the literature concerning experimental 
left ventricular hypertrophy has been presented. This 
traced the earliest attempts at surgical procedures on 
the aorta and several other methods of increasing cardiac 
work. Definitions of the project and LVH were listed, 
and the value of both clinical and basic research v1as 
stressed. 
A description of the various methods of producing 
LVH, taken from the recent literature was presented. This 
was followed by description of a new, simple, versatile 
and inexpensive device for constriction of the aorta. 
This method has not been completely proved and deserves 
further evaluation. 
The various aspects of LVH, its production and 
measurement were discussed, followed by the conclusions 
drawn from this particular study. 
Finally a few suggestions for future work in the area 
\vere detailed. 
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